The effect of the required current/frequency combinations (EC 1099/2009) on the 1 incidence of cardiac arrest in broilers stunned and slaughtered for the halal market. 
Introduction

28
With an increasing population of Muslims in the UK, 2.4 million in 2009 (Kerbaj, 2009) PrePrints strict dietary requirements, based on the Qur'an (Riaz & Chaudry, 2003) and met through 31 specific halal markets. In terms of meat consumption, Muslims are prohibited from eating 32 pork, so beef and poultry are the preferred animal products (Havinga, 2010) . In addition,
33
Muslims are also prohibited from eating the meat from animals that are not alive at slaughter.
34
Therefore, they either slaughter animals without stunning or slaughter animals with stunning, 35 using a stunning method that does not result in the death of the animal. For birds, the only 36 stunning method that is accepted by Muslims in the UK is electrical water bath stunning 37 (Nakyinsige et al., 2013) .
38
Previous research with chickens (Gregory and Wotton, 1987) has shown that cardiac muscle 39 is particularly sensitive to electrical stimulation, but only at low frequencies i.e. 50 Hz. The 40 magnitude of the applied current can also contribute to the incidence of cardiac arrest (known 41 as stun to kill, when deliberate) and that the minimum required alternating current (AC) of 42 100 mA per bird at a low frequency such as 50 Hz will result in the death of about 80 -90% 43 birds Wotton, 1988, 1990 ). Wilkins, et al., (1998) showed that the use of 44 frequencies progressively greater than 50 Hz was associated with a failure to induce a cardiac 45 arrest. Therefore, where birds are processed for the Halal market, the use of high frequency 46 AC will ensure that stunned birds are not killed in the water bath stunner but are alive when 47 their necks are cut.
48
Consequently, those with a concern for animal welfare want to encourage methods that will 49 enable the production of halal poultry meat from birds that are stunned prior to slaughter.
50
However, there is a compromise because water bath stunning per se has the potential to create 51 welfare issues (Wotton and Wilkins, 2004) , specifically variations in bird resistance will 52 result in variations in the current received by individual birds. In addition, further research 53 into the electrical parameters required for effective water bath stunning has raised anomalies.
54
This is because processing plants that produce halal meat have preferred historically to use a 55 very low current combined with high frequency pulsed DC to stun the birds, which they 56 believe will guarantee that the birds will not incur ventricular fibrillation during stunning that the minimum current to effectively stun increased with increasing frequency for AC and 60 that pulsed DC was not effective unless applied at very much higher current levels. They
61
suggested that at lower current levels, when applied as pulsed DC, birds could be electrically 
Materials and methods
79
The trial was conducted over a total of three days in a commercial halal plant with the for the presence of a repeating QRS complex (Figure 1 ).
106
The results were statistically analysed and are presented as the percentage of birds that did 107 not recover together with a 95 per cent confidence interval for the percentage calculated using
108
Wilson's method (Altman et al, 2000) . (Table 2 ). In order to achieve the required 
Discussion
146
Muslims cannot eat the meat from animals that are not alive at the point of slaughter.
147
Historically this requirement has been achieved by applying low current, pulsed DC at high 148 frequency and by rejection of any birds that were deemed to be already dead at neck cutting 
213
It is concluded that in order to meet both the legislative requirements (EC Regulation 
